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REMOVAL OF SiON RESIDUE AFTER CMP 

FIELD OF THE INVENTION 

The invention relates to the general field of chem. mech. polishing with particular 
reference to polishing surfaces of silicon oxynitride and the removal of all associated 
particle residue. 

BACKGROUND OF THE INVENTION 

Referring to FIG. 1 , we note that, for certain tedinology families notably 0. 1 8 micron 
logic, it is necessary to use a layer of silicon oxynitride 13 (in conjunction with a titanium 
nitride layer 14) to serve as a bottom anti-reflection coating (BARC) prior to coating with 
photoresist. This facilitates patterning of via holes, such as 16, that will be etched through 
an iriter-metal dielectric layer 12. The latter sits on substrate 1 1 which is typically a layer 
of wiring. This would then be followed by over-filfing the via holes with tungsten layer 15. 
The latter is then planarized by means of CMP (chemical mechanical polishing). 
Planarization is p^ormed in two steps. Rrst, most of the tungsten is removed, as shown 
in FIG. 2. The wafer is then moved to a different platen where titanium nitride layer 14 and 
the remaining tungsten are removed, as shown in FIG. 3. 
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It has. however, been found that tungsten CMP doesn't completely remove all 
silicon oxynifride flrom the surface and that a residue of silicon oxynitride particles get left 
behind. These are shown In FIG. 4 as particles 41 on the surface of dielectric layer 12. 
Several processes have been tried to cause the nemoval of the silicon oxynitride particles. 
For example, an extra step of de-ionized water (DiW)-buffing can usually achieve the 
removal of the particles but this is time consuming and requires another dedicated tool for 
the task. A process ttiat can be added in situ to the existing process, rather than being part 
of a post CMP cleaning step, is also to be prefen-ed. 
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A routine search of the prior art was performed with the following references of 

m. 

%l interest being found: 

^ US 5,704,987 (Huynh et al.) show a post CMP clean using TMAH (tetramethyl 

g ammonium hydroxide). Naghshineh et al. in US 6,194,366 B1 show a post CMP clean 
comprising TMAH. In US 6,152,148, George et al. also show a post CMP clean that uses 
TMAH, as do Wang et al. in US 6,099,662. US 5,981,454 (Small), US 6,044,851 
(Grieger), US 6,235,145 B1 (Li etal.), US 6,046,112 (Wang), US 6,114,241 (Choi et al.), 
and US 5,679,169 (Gonzales et al. ) describe Post CMP clean comprising TMAH. 
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SUMMARY OF THE INVENTION 

It has been an object of at least one emb(xllmeiTt of the present Inventro^ 
a process for CMP of a silla>n oxynitride surface. 

Another object of at least one embodiment of the present Invention has been that 
said process should not lead to leaving a residue of silicon oxynitride particles on the 
surface from which the layer of silicon oxynitride was removed. 

Still another object of at least one embodiment of the present invention has been 
that said process be readily incorporated as part of the standard process used for the 
fonnation of tungsten studs in silicon integrated circuits, particularly for the 0.18 micron 
logic family of circuits. 

A further object of at least one embodiment of the present invention has been that 
said process not require additional specialized apparatus for its implementation. 

These objects have been achieved by subjecting the surface from which the silicon 
oxynitride was removed to a high pressure rinse in an aqueous solution that includes a 
surfactant such as tetramethyl ammonium hydroxide or isopropyl alcohol. These 
suffactants sen^e to modify the hydrophobic behavior of the silicon oxynitride particles so 
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that they no longer ding to the surface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 shows a dielectric layer through which a via hole has been etched, over-filled 
with tungsten prior to CMP. 

FIG. 2 shows FIG. 1 after the tungsten layer has been planarized. 



^ s'^ows FIG. 2 after the remaining tungsten and the titanium nitride are 
removed from the surfece of the siliojn o)^nitride. 



FIG. 4 Is a schematic Illustration showing how particles of silicon oxynltride remain 
clinging to the surface after removal of the silicon oxynitride. 

FIG. 5 illustrates a key feature of the invention, namely cleaning the surface with 
a high pressure spray that includes a suitable surfactant. 

FIG. 6 illustrates surface appearance after the process illustrated in FIG. 5. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As discussed above, the process of the present invention begins as shown in FIG. 
1 where a layer of tungsten between about 0.3 and 0.5 microns thick is used to overfill the 
via. After a first CMP step, on a first platen, the tungsten thickness is reduced to between 
about 0.1 and 0.2 microns. This is followed by a second CMP step on a second platen 
during whidi the remaining tungsten and the immediately underlying titanium nitride layer 
are both removed. Then, in a third CMP step on a thir<l platen, the layer of silicon 
oxynitride needs to be removed. As already noted, this step, using prior art methods, 
resulte in silicon oxynitride debris being left behind on the surface. 

We have determined th^ the reason that silicon oxynitride particles tend to remain 
on the surface after the oxynitride has been removed by CMP is that silicon oxynitride is 
slightly hydrophobic. So a simple water rinse immediately after CMP is insufficient to pry 
the oxynitride debris off the wafer surface. We have therefore introduced the use of a 
surfactant into the process immediately after the CMP of the silicon oxynitride has been 
(?ompleted. This modifies the hydrophobic behavior of the oxynitride making its removal 
from the wafer surface easier. 

Two surfactants, TMAH and isopropyl alcohol (IPA), were evaluated although 
similar behavior wouW be expected from other, similar, materials. TMAH was diluted in 
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DIW to make a solution of 2.5-5 weight % , while IPA was added to DIW to make a 
solution of 10-50 weight %. TMAH is supplied by CCP chemistry Co Ltd. These 
surfactants were not added to the slunry that was used with CMP t)ecause of their known 
effects on slurry characteristics. Instead, they were applied to the surface in the form of 
an in situ high pressure rinse. However, the flow rate of the rinsing fluid, which is 
controlled by a Mirra rotating pump, was inaeased firom 100ml/min. to 300 ml/min. This 
step is schematically illustrated in FIG. 5 which shows dispenser 52 squirting a jet of fluid 
51 {as disclosed above) onto the surface of dielectric layer 12 after the latter has been 
exposed due to the removal by CMP of layers 14 and 15 (see FIG. 2). Several resklual 
oxynitride particles 41 are also shown on the surface, said particles having not yet treen 
exposed to jet 51. The high pressure rinse was applied for between about 5 and 20 
seconds, which is substantially less time than would have been needed if DIW had been 
used alone. 

As illustrated in FIG. 6, by using the disclosed surfactants in the concentrations 
stated and in the manner described, the oxynitride particles could be removed from the 
dielectric surface at tWs stage of the process. The surfactants were effective because of 
their effect on the surface charge, that is the isoelectric point (lEP) of oxynitride is close 
to 6-7, whereas that of silicon oxide, for example, is about 3. The lEP is the pH at which 
the net charge on a particle is zero. Accordingly, the pH was set to 9 when TMAH was 
used and to 8 when IPA was used. Thus, for any effective surfactant, a pH between about 
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8 and 1 1 should be used. 



What is claimed is: 



